Diarrhoea among growing pigs (8-13 weeks old) is a significant problem in many herds. Nine herds with poor performance and diarrhoea among growing pigs were selected on the basis of their piglet mean age at a body weight of 25 kg, compared to the overall mean age in Swedish herds. In addition, four herds with good average performance and no problems with diarrhoea were selected. Pigs were necropsied and samples for histology and microbiology were collected. Based on the necropsy findings, the pigs from the good performing herds were all judged to be healthy. The presence of Brachyspira pilosicoli and Lawsonia intracellularis was significantly correlated to poor performing herds and the results indicate that these microbes are main pathogens involved in enteric diseases among Swedish grower pigs. In addition, concomitant infections with other presumptive pathogens were commonly found.
Introduction
Enteric diseases are a common problem in modern pig production worldwide (reviewed by Moxley and Duhamel, 1999) . The diseases are often related to certain animal age categories or to certain periods during rearing, for example, ''neonatal diarrhoea'' and ''postweaning diarrhoea'' (Holland, 1990; Lecce et al., 1982) . Less attention has been paid to enteric diseases in young growing pigs that have passed the critical period of weaning (i.e., 8-13 weeks old), but diseases referred to as ''grower scour'' or ''colitis'' constitute an important problem in many herds (Taylor, 1987; Thomson et al., 1998) .
Generally, studies on enteric disease have focused on a specific pathogen (Reed et al., 1986 , Fellstr€ o om et al., 1996 . Several agents have been suggested as possible causes of diarrhoea in growing pigs, namely Brachyspira spp. (Taylor et al., 1980) , Campylobacter spp. (Lawson and McOrist, 1993) , Clostridium perfringens type A (Jestin et al., 1985) , enterotoxic strains of Escherichia coli (Svensmark et al., 1989) , Lawsonia intracellularis (McOrist et al., 1995) , Salmonella spp. (Reed et al., 1986) , Yersinia spp. (Taylor, 1999) , coronavirus (Pritchard, 1987) , rotavirus (Lecce et al., 1982) , Isospora suis (Nilsson, 1988) and Trichuris suis (Batte et al., 1977) . However, the importance and involvement of some of these organisms in clinical disease still remains to be clarified. It is often possible to relate a certain microbe to characteristic pathological lesions in the gut. For instance, the lesions caused by L. intracellularis are mainly located in the small intestines (McOrist et al., 1995) , while lesions due to Brachyspira spp. are observed in the large intestines (Moxley and Duhamel, 1999; Taylor et al., 1980) . B. hyodysenteriae causes necrosis in the intestinal mucosa, with mucohaemorrhagic exudate (Wilcock and Olander, 1979) , whereas B. pilosicoli causes less prominent changes, with oedema and the development of a false brush border (Trott et al., 1996a) . Few surveys have been conducted on the relationship be- (Johnston et al., 2001; M€ o oller et al., 1998) or pathological lesions in the intestines (Jensen, 1995; Thomson et al., 1998) .
The aim of this study was to investigate the presence of suspected or known pathogens in growing pigs with diarrhoea, and relate those findings to the clinical symptoms and to the pathological lesions in the intestines. Pigs with and without clinical diarrhoea were selected from herds with a history of ''growing scour'' and poor average performance. In addition, pigs were selected from herds with good performance and no such problems.
Materials and methods

Herds and animals
Herds were selected from two different geographical regions of Sweden (in the south-western and eastern parts of the country). From each region, five herds with poor performance and two with good performance were randomly selected among the 95% of the piglet-producing herds that are supervised by the Swedish Animal Health Service. The performances corresponded to the overall mean age in Swedish herds at 25 kg bw plus or minus one standard deviation, respectively. The poor performance herds were suffering from grower scour and had a poor average piglet growth rate, with a mean age of 85:6 AE 3:6 days at a body weight (bw) of 25 kg. The good performance herds had an average mean age of 64:7 AE 2:6 at 25 kg bw and no diarrhoea had occurred among the growers during the last year. All animals were weaned at approximately 5 weeks of age and no feed additives were used in the herds.
From each of the 10 poor performance herds three case and three control pigs were chosen, and from each of the four good performance herds three control pigs were chosen. One poor performance herd was later withdrawn from the study, hence altogether 66 pigs were included. All pigs had been weaned at least two weeks prior to entry into the study, but were less than 13 weeks old. They had not been treated with any antibiotics for the last two weeks. The case pigs had diarrhoea that had commenced within the last two days, but showed no clinical signs of other disease. The control pigs were matched to the case pigs for age and sex, but showed no signs of clinical disease. The pigs submitted from the good performance herds had a mean age of 67 days and a mean weight of 23.1 kg. Among the pigs submitted from the ''poor herds'' the controls had a mean age of 72 days and a mean weight of 18.7 kg, and the case pigs had a mean weight of 12.1 kg.
The herd owners were responsible for the selection of pigs and transportation to the laboratory. On arrival, the animals were stunned with electricity, weighed and exsanguinated, and necropsy was immediately performed.
Necropsies
The necropsies were carried out at the Departments of Pathology at the National Veterinary Institute, Uppsala, or at AnalyCen, Skara, and started within a few minutes after euthanasia. All gross lesions were noted, and eight specimens for histological examination were taken from each pig: from the duodenum, the jejunum (3 and 6 m caudal to the pylorus), the ileum, the ileal papilla, the caecum, and from the colon (50 cm from the ileocaecal junction, and 1 m cranial to the anus). Additional specimens were taken from visible lesions. The samples were fixed in 10% buffered formalin and stained with haematoxylin and eosin according to standard protocols. The histological findings were judged as minor changes found at a single site in the specimen or moderate or major changes found at several sites in the specimen. The pH in the small and large intestines was measured with a litmus-paper pressed against the gut wall. 
Microbial investigations
The samples collected for microbial investigation and the methods of analysis are summarised in Table  1 . The samples analysed for haemolytic E. coli were also analysed for the presence of O-antigens associated with pathogenic isolates. An additional swab specimen (Amies transport medium with charcoal) was collected from the rectum to determine the phenotypic diversity of the coliform flora and analysed as described by K€ u uhn et al. (1993) . The results were given on a scale from zero to one, where zero corresponds to no diversity of the coliform flora. Faeces were examined for the presence of rotavirus by a double antibody sandwich enzyme immuno-assay (the rotavirus/coronavirus EIA kit, SVANOVA Biotech, Uppsala, Sweden), for measuring antigen in faecal samples. Values less than 0.1 at A 450 were considered negative. Coronavirus was not included in the study, since Sweden has previously been shown to be free from transmissible gastroenteritis and porcine epidemic diarrhoea (Elvander et al., 1997) .
Statistics
For statistical analyses FischerÕs exact test (SAS Institute, Cary, North Carolina, USA 1999) and the v 2 test were used.
Results
Necropsies
3.1.1. Pigs from good performance herds (n ¼ 12)
All pigs were judged as clinically healthy and no gross lesions were observed (Table 2) . Microscopically, the pigs were judged as normal. However, minor histological lesions were noted in terms of occasional crypt abscesses, moderate lymphocyte infiltration of the lamina propria of villi in the ileum, and moderate epithelial hyperplasia in all segments of the gut (Fig. 1) .
Control pigs from poor performance herds (n ¼ 27)
Five pigs had loose to watery content in the large intestines (Table 2) , but no gross lesions were found in four of those animals. Gross lesions were observed in altogether five pigs, and consisted of slightly thickened mucosa in the distal parts of the small intestine. Significant histological lesions were recorded in 17 pigs: Ten pigs had enterocolitis, with moderate numbers of crypt abscesses with neutrophils (n ¼ 8), a ''false brush border'' (Fig. 2 ) in the colon (n ¼ 1) and epithelial necrosis with neutrophilic infiltrations in the jejunum, ileum and caecum (n ¼ 4). Four pigs had lesions described as moderate numbers of crypt abscesses and neutrophilic infiltrations in the lamina propria in the small intestines. Two pigs had typhlitis or typhlocolitis and one pig had a parasitic colitis. The pigs were selected from herds with an average ''poor performance'' and problems with diarrhoea among growing pigs, and from herds without diarrhoea among growing pigs and with average ''good performance''. The case pigs had current clinical diarrhoea, whereas the controls were judged as healthy. 3.1.3. Case pigs from poor performance herds (n ¼ 27)
The intestinal content in the large intestine was ''watery'' in 17 pigs and ''haemorrhagic'' in four pigs. Gross lesions were observed in 21 pigs ( Table 2) . Nineteen of these pigs had a thickened mucosa in the distal jejunum, ileum, caecum or proximal colon, and in addition, necrotic enteritis (n ¼ 5), haemorrhages in the ileum (n ¼ 3) and pseudomembranes in the ileum, caecum and colon (n ¼ 1). Three of these pigs were also described as having a lustreless, velvet-like mucosa in the large intestine. Of the remaining two pigs, one had a necrotic-haemorrhagic colitis, and one had a parasitic colitis.
Significant microscopical lesions were observed in 22 pigs. In 15 cases, the changes were consistent with the gross lesions (Fig. 3) . One pig had gross and microscopical lesions consistent with ileitis, and in addition a false brush border, consisting of spirochetes intimately attached to the apical membrane of surface enterocytes in the caecum and proximal colon (Fig. 2) . One pig had colitis and histological signs of ileitis. Four pigs had suspected gross lesions which were judged as ileitis, but histologically, either only mild lesions in the ileum (n ¼ 3) or colitis (n ¼ 1) was found. Among the six pigs without gross lesions, the histological findings in four pigs consisted of enterocolitis (n ¼ 2), colitis (n ¼ 1) and ileitis (n ¼ 1), and two pigs were both macroscopically and histologically judged as normal.
In general, all pigs had some microscopical changes (villus atrophy and fusion) in the small intestines that were considered to be older changes that are usually observed in healthy pigs from commercial herds. In 20 pigs remnants of nematodes were seen in the ileum and on the surface of the large intestines. The mean pH values in the small intestines in the ''case'', ''poor control'' and ''good control'' pigs were 7.3, 7.0 and 7.4, respectively. The corresponding values in the large intestines were 7.1, 6.9 and 6.5.
Microbiological investigations
Brachyspira pilosicoli, L. intracellularis, C. jejuni and Yersinia spp. were found only in the poor performance herds (Table 3 ) and of these pathogens L. intracellularis was more frequently observed (p 6 0:05) in the case pigs. Of the pigs infected with a single pathogen (findings of C. coli not included), four case and six control pigs were positive for L. intracellularis, and three case and two control pigs were positive for B. pilosicoli. One control pig was positive for C. jejuni and one case and one control pig for Y. enterocolitica. Sixteen case and 11 control pigs were infected with two or more pathogens (findings of C. coli not included), and among these, eight case pigs were concomitantly infected with B. pilosicoli and L. intracellularis.
Haemolytic E. coli of a known pathogenic O group was found in both the poor performance herds (n ¼ 14/ 54) and the good performance herds (n ¼ 1/12). In one case and in four control pigs this was the only pathogen observed. Also, Cl. perfringens type A was isolated from both case pigs (n ¼ 4/54) and from good performance herds (n ¼ 2/12). C. coli was frequently isolated in all groups and was the only finding in two case and two control pigs from the ''poor performance herds''. Parasites and rotavirus were rarely demonstrated. Salmonella spp. was not isolated.
The mean phenotypic diversity of the coliform flora was 0:64 AE 0:29 in the case pigs and 0:55 AE 0:29 in the control pigs from the poor performance herds, and 0:60 AE 0:19 in the pigs from the good performance herds. Fig. 3 . Ileum from a pig with clinical diarrhoea, selected from a herd suffering from diarrhoea and poor average performance in growing pigs. Intracellular organisms are seen in the apical part of the crypt enterocytes and the presence of Lawsonia intracellularis was confirmed by PCR. Macroscopically, the lesions consisted of necrotic enteritis in distal jejunum and ileum. W-S Â 250. 
Discussion
The results obtained indicate that the two pathogens B. pilosicoli and L. intracellularis are commonly involved in enteric diseases in Swedish grower pigs. Except for L. intracellularis, the microbiological findings were similar in the diarrhoeic and apparently healthy pigs from the poor performance herds. Demonstration of B. pilosicoli and L. intracellularis was significantly correlated to poor performance herds and compatible with the pathological lesions in the intestines (Lomax and Glocke, 1982; Trott et al., 1996b) . This is in agreement with earlier studies showing that L. intracellularis and B. pilosicoli are the most commonly found pathogens in growing pigs (M€ o oller et al., 1998; Thomson et al., 1998) . These authors also report a frequent finding of concomitant infections with two or more pathogens, which is in conformity with our results. However, in the present study a concomitant infection with B. pilosicoli and L. intracellularis was found only in the case pigs. Thus, the risk of developing clinical disease might increase if both pathogens are present, since the damage in the intestines will probably be more extended. The extent of intestinal damage seems to be closely related to the clinical symptoms, since 78% of the case pigs but only 18% of the ''poor controls'' had gross lesions, despite the fact that most pigs had microscopic lesions in the intestines (Table 2) .
The apparent significant finding (p 6 0:01) of C. coli in healthy pigs is probably caused by the absence of other Campylobacter spp. in the culture (NMKL, 1990) . C. coli is often found in pigs irrespective of their clinical health status and is considered non-pathogenic to pigs (Lawson and McOrist, 1993) . C. jejuni, Cl. perfringens type A, Y. enterocolitica, B. pilosicoli, L. intracellularis and/or pathogenic E. coli were identified in 49 of the 54 pigs from the poor performance herds. Except for B. pilosicoli and L. intracellularis, no correlation was found between the findings of these bacteria and the clinical symptoms. However, only one case of pathogenic E. coli and two cases of Cl. perfringens were found in the conventionally reared, good performance herds. It is possible that feed compounds, inadequate biosecurity, hygienic or other factors in a herd may facilitate the transmission, survival and growth of some enteropathogenic bacteria (Bertschinger et al., 1978 (Bertschinger et al., ,1979 Skjerve et al., 1998; Wathes et al., 1989) . The increased number of potentially pathogenic species results in an increased risk of clinical enteric disease (L€ o ofstedt et al., 2000) . Thus, one or several risk factors may be present in the poor performance herds. Alternatively, the enteric diseases per se may alter the ecological balance of the gut flora or change the environmental conditions in the gut, which would favour some bacteria (Katouli et al., 1999; K€ u uhn et al., 1995) . Pathogenic strains of E. coli was found in four out of six samples from two of the Table 3 The microbial findings in pigs from herds with diarrhoeic problems in growing pigs and poor average performance, and in pigs from herds without any such problems and good average performance Animals poor performance herds. Both these herds had a case history of previous problems with post-weaning diarrhoea. As discussed above, this might indicate that these herds suffer from a high pathogen load, or that the postweaning diarrhoea might predispose to outbreaks of other enteric diseases.
To be able to study alterations in the gut flora, it is important to identify a healthy flora. Several methods have been developed for the study of the gut flora, such as measurement of the diversity of the enteric coliform flora (K€ u uhn et al., 1995) , measurement of enzymatic activities (Microflora-associated characteristics, MAC) (Midtvedt, 1999) , or determination of terminal restriction fragment length polymorphism profiles, i.e., T-RFLP profiles (Leser et al., 2000) . Additionally, the presence of some of the microorganisms discussed above might serve as an indication of a disturbance. The applicability of these methods needs to be further evaluated. Measurement of the phenotypic diversity of the coliform flora is a useful marker in studies of postweaning diarrhoea (Katouli et al., 1999; Melin et al., 2000) . However, the results of the present study indicate that the coliform flora remains stable during the course of diarrhoea in growing pigs.
The results suggest that a high prevalence of enteric diseases in a herd might involve an increasing number of potential food pathogens in the gut. It might be suspected that if an animal harbours a large number of these bacteria at slaughter, the risk of contamination of the carcass will increase (Asplund et al., 1998; Nesbakken and Skjerve, 1996) . However, our study has focused on enteric diseases in grower pigs and it is not known whether our findings will be applicable to finisher/ slaughter pigs. In a Norwegian study, the prevalence of Y. enterocolitica in slaughter pigs differed between herds with different production systems (Skjerve et al., 1998) . Interestingly, in the present study two case pigs and one control pig from the same herd showed an abundant growth of Y. enterocolitica.
Only a few pigs shed parasite eggs (Oesophagostomum spp or Hyostrongylus spp), I. suis or rotaviruses. The number of positive samples was too small for the findings to be conclusive regarding the involvement in clinical disease. Additionally, parasitic remnants were found in 20 pigs, but except in one case they were not related to the clinical disease. Salmonella spp. and Y. pseudotuberculosis were not found in this study, but have been reported as a cause of colitis from other studies (Thomson et al., 1998) . The results confirm the very low prevalence of Salmonella in Swedish pig herds reported previously (Wahlstr€ o om et al., 1998; Wahlstr€ o om et al., 2000) . The overall occurrence of Y. pseudotuberculosis in Swedish pig herds is unknown.
In conclusion, L. intracellularis and B. pilosicoli are main pathogens associated with enteric disease in Swedish grower pigs, but these infections can also ap-pear subclinically. However, the risk of developing clinical disease might increase if a concomitant infection with both microbes occurs. Further, several other potentially pathogenic microbes were found in pigs from herds suffering from ''grower scour'' and with poor piglet performance. Whether this finding represents a cause or a sign of disease is obscure, but it indicates a problem of a complex ecological nature.
